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Szmi-annual Status  R q o r t  
U S A  Rcseaxh Grant NGR 05-020-180 
Stanfor& University, November 1, 1366 
Ti t l e :  Analysis of Human Korotkov Souus  

JUL I 4 1967 

Progress t o  date i s  summarizzl i n  the four area< of research Fresented 
i n  the corre;ponJing numbere- pragraph; below, incluling: (1) the 
development of an automatic in(-remeutal blood pressure cuff aef l a t ion  
system; (2) spec t ra l  analysis  of Korotkov sounds; (2) uetermination of 
stethos -ope effectiveness i n  trdnsuucirig KorotLov sound;; (4) R-K pulse- 
wave a r r i v a l  time. 

In  general, the i n i t i a l  p r i o a  of the grant  has been &evoted t o  data 
col lect ion,  preliminary analysis,  ;Lnl development of a n a l y t k a l  methods 
anu supporting i i g i t a l  sydtems. During the next period, l u l l - s ca l e  
analysis  of collected data vi11 begin. 

(1) Automatic incremental blood pressu..-e cuff def la t ion  system 

A s p e z i a l  s y ~ t e m  f o r  control  of cuff a i r  pressure was found necessary for 
the quant i ta t ive  analysis  of Korotkov sounds. 
ana b u i l t ,  an1 has proven useful  not  only i n  recording data f o r  t h i s  re,earch, 
but  also i n  routine pa t ien t  monitoring. 
astronauts.  Rationale fo r  the Jevelopment of the sy,tem dn.1 sample  -hart  
recordings are foun; i n  Appenlix 1. Appendix I f  contcrins c i r c u i t  de- 
sc r ip t ion ,  physizal dedcription a d  blozk diagrams. 

This system has been uesigned 

It may be Useful i n  monitoring 

(2) Spectrctl aa lys i ; :  of Korothov sounds 

A large qudntity of ,atd sui table  f o r  spec t ra l  analysis  has been recorded 
on magnetic tape,  
25 normal subjects  who receiveJ genercll anesthesia o r  vasopressor z u g s  
under carefu l ly  ontrol led laboratory zonditions, as veil as a group of 
surg ica l  pa t ien ts  i n  the operating room. Ve are searching f o r  spec t ra l  
:hanges t h a t  can be related to  the stress of vasopre;sor drugs, general  
anesthesia,  and surgical  operations. The ant ic ipated Zhanges a re  being 
cor re la teo  with the cdrJiac  output, peripheral  res is tance,  d i r ec t  ar ter ia l  
bloo; pressure, pulse volume, acid-base balance, R-K arr ival  time (see 
se:tion below) and other  physiologic measurements. 

The pr inciple  sources of these .ata inc lu ie  approximatzly 

Spec t ra l  analysis  with analog methods Froved unsat isfactory i n  t h i s  project .  
Therefore, we hjve turned t o  proven d i g i t a l  methods, developed ana ex- 
tensively useu by the Stanford Electronics Laboratories i n  uata ana lys i>  
performed unler  Department of Defense contracts.  

A t  the time the grant rzquest v r a  submitte-1 t o  NASA (June 1966) the plan 
was t o  perform spect:al analysis on the IBM 7094 ciinital  ZomDuter Ioca teJ  
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at tha Ames Rasearch Center. 
Zomputer -t Ames was available a d  we hacl succe;sfully Ferformed skectral 
analysis of KorotLov sounds J year carliar on our IBM 1620 and IBM 7090 
computers. The major problem would have been analog-to- iigital conversion 
(probably at a :omnercial computzr facility) of our data. 
alternative computer facilitie, became available at Stanforr, (at no cost 
to NASA) and it vas iiecilea that ,ata analysis would be more logically 
undertaken on our new inter2epartmeutaily-controlled Digital Equipment 
Corporation PDP-8 digital computer and the new institutional IBM 350-50 
fazility located at the ;tanforti Medical Center. 
been the Jesign and performance evaluation of the Jatd link and inter- 
€acing between the PDP-8 comptsr clad the IBM d60-50.  
has worked, we remaindissatisfied with results. 
to improve its operation. 
digital spectrum analyzer has been modifieu and checke3 out on the IBM 
360-56. 
commence as soon as the data link situation is resolved. 
an existing PDP-8 program for spectral analysis will be revise,: to permit 
Korotkov sound processing. 

This approach seemed rea-onable as the 

However, 

The major obstacle has 

Although the link 
We are currently striving 

Mcanwhile, the IBM ?02G computer program for the 

Spectral analysis of Korotkov souuds on a ''productioni' basis will 
If necessary, 

(3) Stethos-ope effectiveness in transducing Korotkov sounds 
The cdpability of stethoscope; to transduce Korotkov blood pressure sour& 
varies greatly. This variation may have significant influence on indirect 
blood pressure measurements. 
testea in a oeries of 3G normal hurnan subjects. 
of recoruing mi preliminary analog analysis of the stethoecope data, 
and Figure 2 shows the mnparative responses of two types of stethoscopes. 
Note that the output from Stethoscope A reaches a maximum of less than 3 
energy units during cuff deflation, in contrast to Stethoscope 8, vhich 
early in deflation reache; an output of 29 energy units. 

Five different types of stethoscopes vere 
Figure 1 indicates methods 

Existing analog recordings will be fully ana1yze.I by Ligital methods as 
ccmprtter programs an2 cowute; systems become available. 
of the,e studies (based on initial results) have been accepted for Fre- 
sentation in October 1S67, Annual Meeting of the American Society of 
Anestho;iologists, ani for publiiation in abstract form in ~STHESIOLOGY, 
January 196L. 

The results 

(4) R-R pulse-wave arrival time (modified from Robard, S.:  Circulation 

The R-K tine is the interval between the peak of the R-wave and the arrival 
of the resulting pulse at the brachial drtery. 
during ieflation of the standard blood pressure cuff. Ar-corLing to the 
original description, R-K time is longer with cardiovas-ular iepression 
and shorter with cardiovascular stimulation. Furthermore, the slope of 

- b: 660-604, lS53) 

Measurements are matie 



the  up-stroke of the brachial  pulse is measured without recourse to  
needles or  catheters.  This slope decreases with depression and increase8 
with stimulation. Our i n i t i a l  resu l t s  show tha t  halothane anesthesia 
a t  moderately deep levels (MAC 2) markedly decreases the slope and in- 
creases R-K time. 
is 300 msec a t  sys to l ic  pressure, and 220 msec a t  d i a s t o l i c  pressure. 
Under anesthesia, the values increased t o  450 msec at sys to l i c  and 350 
msec a t  dias to l ic ,  and the slope is noticeably f la t tened.  

Figure 3 shows tha t  control R-K time i n  t h i s  subject 

A l l  of our data  recorded i n  the laboratory and the operating room are 
su i tab le  for R-K analysis. Present analyt ical  methods include d i r ec t  
measurement of R-K time from high-speed (100 m/sec) chart  recordings 
of ECG and Korotkov sounds, and a special ly  designed analog device. 
Measurements and analysis by d i g i t a l  computer a re  readi ly  feasible ,  using 
s l i g h t  modifieetions of programs already wri t ten in our laboratories.  

I 
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APPENDIX I. NASA Status Report, July 1967 

RATIONALE ON DEVELOPMENT OF AUTOMATIC CUFF DEFLATION SYSTEM 

Comment on ind i rec t  blood pressure measurement 

The American Heart Association recommends rapid in f l a t ion  of the  blood 
pressure cuff t o  a point  well above sys to l i c  pressure, then release of 
a i r  pressure a t  the r a t e  of 2-3 mm Hg per hear t  beat u n t i l  sys to l i c  and 
d i a s t o l i c  determinations are completed. These determinations are made 
by l i s ten ing  for  the Korotkov blood pressure sounds which are heard with 
the stethoscope which i s  positioned over the brachial  a r t e r y  immediately 
below the cuff. 
pressure which coincides with the onset of the Korotkov sounds; 
pressure,  by noting the a i r  pressure cor re la t ing  with disappearance of 
the  sounds. 

Systolic value is obtained by noting the cuff air 
d i a s t o l i c  

This standard method, sa t i s fac tory  fo r  the intended routine c l i n i c a l  
purposes, is inadequate i n  our research on blood pressure measurement. 
The reasons f o r  inadequacy of the standard methods are re la ted  t o  the 
energy d i s t r ibu t ion  of Korotkov sounds as w e l l  as problems re la ted  t o  
cuff def la t ion.  For example, auscultation of Korotkov sounds is  highly 
subjective and dependent on mechanical as w e l l  as  physiologic var iables .  
The correctness of the f i t  of the stethoscope earpieces and the level 
of ambient room noise a f f ec t  the observed blood pressure. 
disturbed physiological states such as shock and hypothermia, the  
Korotkov sounds are of ten inaudible despi te  near-normal level8 of i n t r a -  
a r t e r i a l  blood pressure. 

Moreover, i n  

In addition t o  the problems of subjectiveness i n  auscultation, we believe 
there  are ser ious l imitat ions i n  the frequency response of the ear i n  
hearing Korotkov sounds. We have da ta  suggesting tha t  Korotkov waveforms 
may, under some adverse conditions, occur en t i r e ly  a t  subaudible frequencies. 
These problems are  resolved through the recording of Korotkov sounds with 
microphone and FM tape recording systems covering appropriate bandwidth, 
with object ive da ta  analysis.  

Comment on blood pressure cuff def la t ion 

One object ive i n  our work with Korotkov sounds i s  t o  develop a diagnostic 
t e s t  f o r  ea r ly  per ipheral  vasoconstriction, 
comparison of a s e r i e s  of Korotkov sounds recorded under control  
conditions with a s e r i e s  recorded a f t e r  peripheral  vasoconstriction. 
Furthermore, we want t o  compare one Korotkov sound with another i n  the 
same def la t ion  curve, i n  an e f f o r t  t o  recognize d i a s t o l i c  pressure 
object ively.  
curves a re  comparable, a prac t ica l  impossibil i ty with the  conventional 
hand-release def la t ion  method. 
Korotkov sound spectra  before and a f t e r  vasoconstriction with methoxamine, 
using conventional cuff def la t ion,  f a i l ed  t o  reveal  cha rac t e r i s t i c  changes. 
It was f e l t  t ha t  the comparison should be repeated, using da ta  recorded 
with reproducible def la t ion  curves. 

Such a tes t  would require  

Comparieon should be va l id  only i f  the cuff def la t ion  

In  f ac t ,  preliminary comparison of 
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Cuff def la t ion  with the conventional hand-release valve presents several  
problems i n  addition t o  those ci ted above. 
hear t  rate and blood pressure,  the Korotkov sounds recorded a t  d i f f e ren t  
cuff def la t ion  r a t e s  w i l l  d i f f e r .  
Korotkov sounds ( s t i p p l e d  v e r t i c a l  bars) recorded a t  two cuff def la t ion  
rates, 3 mm Hg per hear t  beat i n  the left-hand panel A, and 0.5 mm Hg i n  
the right-hand panel B. In  both panels, hear t  r a t e  is  60 per minute and 
s y s t o l i c  blood pressure is  118 mm Hg. 
panel A a re  not comparable with the sounds i n  panel B. 
t h i rd  sound i n  panel A is approximately 5 times grea te r  than the th i rd  
sound i n  panel B. Clearly, cuff def la t ion  slopes should be similar i f  
Korotkov sounds recorded on d i f fe ren t  de f l a t ion  curves a re  t o  be compared. 

For example, given the same 

Pigure A-1-1 shows the f i r s t  3 

It i s  obvious t h a t  the sounds i n  
In  f ac t ,  the 

Critical analysis may be fu r the r  confounded by the f a c t  t ha t  the f i r s t  
sound is not l i ke ly  t o  occur exactly a t  threshold value. 
t o  Figure A-1-1, the  f i r s t  sounds i n  both panels are u n r e a l i s t i c a l l y  shown 
t o  occur alraetlp at  threshold. 
panel would have a much greater  chance of f a l l i n g  haphazardly anywhere 
on the curve between the f i r s t  and second sounds. Thus the f i r s t  Korotkov 
sounds on d i f f e ren t  de f l a t ion  curves are p rac t i ca l ly  always incomparable. 
This e r r o r  can be reduced by recording s y s t o l i c  pressure a t  very slow 
de f l a t ion  ra tes .  

Referring again 

Unfortunately, the f i r s t  sound i n  e i t h e r  

Moreover, the Korotkov sounds are recorded under changing conditions, 
during def la t ion  of the cuff ,  again possibly confusing c r i t i c a l  investigation. 
It can be noted i n  Figure A-1-1 t ha t  the Korotkov sounds have appreciable 
duration (approximately 0.5 seconds). 
s t a b l e  conditions, the sounds would be more al ike.  

I f  they were t o  occur under 

Cuff de f l a t ion  accurately performed by the recommended method is i dea l ly  
l inear ,  the slope varying with the hear t  rate. 
pressure ( sys to l ic  m i n u s  d i a s t o l i c  blood pressure) a t  two d i f f e ren t  hear t  
r a t e s ,  the slopes of the def la t ion  curves would d i f f e r ,  but the t o t a l  
number of Korotkov sounds would be ident ica l .  This i s  i l l u s t r a t e d  i n  
Figure A-1-2, which compares two de f l a t ion  curves, A and B, with Korotkov 
sounds. 
f o r  A and 60 f o r  B. Note t h a t  in  both cases the cuff def la t ion  r a t e  i s  
3 mm Iig per hear t  beat,  the  t o t a l  number of Korotkov sounds i s  14, and 
t h e  pulse pressure i s  40 11101 Hg (120 minus 80). Inspection of these curves 
suggests t h a t  valid comparison night be made between the second (or t h i rd ,  
etc.) sounds on e i t h e r  curve, and t h a t  the differences between the second 
and the 14th sounds, f o r  example, would be comparable on e i t h e r  curve. 

Given the same pulse 

The e s sen t i a l  difference between A and B is the hear t  r a t e ,  120 

In  contrast ,  the t o t a l  number of Korotkov sounds d i f f e r s  i f  comparison 
is  attempted between two cuff def la t ion curves a t  d i f f e ren t  pulse pressures,  
as i l l u s t r a t e d  i n  Figure A-2-3. P a r t  A shows 8 Korotkov sounds, a t  a 
pulse  pressure of 20 mm Hg (90 minus 70); p a r t  B shows 14 Korotkov sounds 
a t  the higher pulse pressure (40 PIP Hg). Cuff de f l a t ion  r a t e  f o r  A and B 
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i s  the same (3 mm Hg per  hear t  beat) ,  and hear t  r a t e  i n  both curves is  
120 per minute. 
sounds between def la t ion  curves trould be impossible. 

In t h i s  case comparisons between the second and the 14th 

In an attempt t o  minimize v a r i a b i l i t y  i n  spec t r a l  analysis due t o  cuff 
def la t ion  problems, we designed and b u i l t  an automatic incremental 
def la t ion  system which is f u l l y  described i n  Appendix 11.. In b r i e f ,  
cuff a i r  pressure drops i n  s teps  of ad jus t ib le  height and duration, each 
s tep  triggered by the R-wave of the electrocardiogram. Ful ly  automatic 
blood pressure recording is achieved by combining t h i s  def la t ion  system 
with a commercially avai lable  automatic cuff i n f l a t i o n  pump. 

Instrumentation f o r  sample recordings of Korotkov sounds, made with our 
de f l a t ion  system, i s  shown i n  Figure A-1-4, and a typ ica l  recording i s  
seen i n  Figure A-1-5, i n  which the def l a to r  (Channel 4) is  set fo r  2 mrn 
Hg p e r  hea r t  beat a t  one beat per s tep.  
range ( 100 Hz) are  indicated on Channel 3, and it  is  notable tha t  each 
waveform occurs on the f l a t  portion of each def la t ion  s tep .  For spec t r a l  
ana lys i s  the outputs from a l l  four data  amplif iers  a re  wri t ten on analog 
o r  d i g i t a l  tape. 

Korotkov sounds within the audible 

Figure A-1-6 shows a typ ica l  chart  record of data which, i f  s tored on 
magnetic tape, would be su i tab le  f o r  intensive study of e a r l y  Korotkov 
sounds. The de f l a to r  i s  set t o  drop the cuff pressure a t  2 mm Hg per 
hear t  beat, and 3 Korotkov sounds a re  allowed t o  f a l l  on each de f l a t ion  
step.  Note the beat-to-beat var ia t ions i n  audible Korotkov sounds 
(Channel 3), probably re la ted  t o  changes i n  cardiac output due t o  
resp i ra t ions  . 
Figure A-1-7 ehows a chart  recording of da ta  intended f o r  intensive 
study of late Korotkov sounds. The cuff (Channel 4) was f i r s t  rapidly 
def la ted (5  mm Hg p e r  beat, one beat per  def la t ion  s t ep )  u n t i l  d i a s t o l i c  
pressure was approached, i n  order t o  minimize venous congestion. Then 
the de f l a t ion  r a t e  was slowed t o  1 mm Hg, 3 beats per s tep,  f o r  a 
period of 14 seconds. 
t h i s  char t  record, the s teps  were increased t o  2 mm Hg each. 

Since these s teps  were too small t o  show well  on 

These l a s t  three f igures  suggest some of the p o s s i b i l i t i e s  f o r  the precis ion 
cont ro l  of cuff def la t ion  fo r  quant i ta t ive analysis  of Korotkov sounds. 
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APPENDIX 11. NASA Status Report, July 1967 

AUTOMATIC INCREMENTAL BLOOD PRESSURE CUFF DEFLATOR 

The long-used manual cuff def la t ion system appears t o  have serious short- 
comings when detai led Korotkov sound s tudies  are required. 
although the user attempts t o  follow a l inear  def la t ion  curve, he i s  not 
l i ke ly  t o  be successful. 
l inear  and because the user cannot maintain synchronization between h i s  
subject ' s  hear t  rate and the def la t ion curve, Korotkov sounds e i t h e r  may 
be missed or ,  i n  a series of deflations,  are  unlikely t o  be seen more 
than once a t  a par t icu lar  pressure level. Third, the cuff pressure i s  
continually dropping (instead of being held a t  various fixed levels).  
As  a resu l t ,  the pressure change which occurs between the beginning and 
end of a Korotkov sound i s  cer ta in  t o  confound any in-depth spec t ra l  
analysis of Korotkov sounds. 
p a r a l l e l  the manual def la t ion  systems have the same shortcomings fo r  
Korotkov sound analysis. 

F i r s t ,  

Second, because the def la t ion  curve i s  not 

Automatic cuff def la tors  which e s sen t i a l ly  

The auLomatic incremental blood pressure cuff-deflation system described 
on the following pages has been spec i f ica l ly  designed %or Korotkov 
sound analysis with the  above l imitations i n  mind. It is  pa r t i cu la r ly  
applicable f o r  obtaining frequent blood pressure recordings from the same 
pat ien t  i n  the operating room, intensive care un i t ,  o r  possibly ( a f t e r  
repackaging) i n  space f l i gh t .  The system appears l i ke ly  t o  become a key 
component i n  the f u l l y  automatic recording of ind i rec t  a r t e r i a l  blood 
pressure f o r  research and c l i n i c a l  purposes. 

Our design objective - which has been m e t  - is  a system tha t  w i l l  decrease 
cuff pressure i n  d i sc re t e  s teps  of height (pressure change) and width 
( t i m e  duration). Pressure changes are made only between the periodic 
appearance of Korotlcov sounds, and are i n i t i a t e d  e i t h e r  manually or by 
pulses developed from the subject 's ECG. The system permits Korotkov 
sound measurements at  predetermined (and repeatable) pressure levels.  
Furthermore, these measurements are  made during time in te rva ls  when 
pressure is being held constant by the system. 
meaningful measurements of Korotkov sounds and t h e i r  spec t ra l  dis t r ibut ion.  

The r e s u l t  should be more 

The def la t ion  system controls  the a i r  pressure i n  the standard c l i n i c a l  
blood pressure cuff.  Sal ient  features include: (1) reduction of pressure 
i n  the cuff i n  s teps  of a fixed increment, adjustable from 1 t o  5 mm Hg; 
(2) t r iggering of each stepwise pressure drop e i t h e r  automatically (generally 
using each R-wave - or per iodical ly  selected R-waves - of the electro-  
cardiogram as a t r igger )  or  manually; 
t r i g g e r  and cuff pressure drop, ensuring tha t  each Korotkov sound w i l l  
f a l l  near the center of the horizontal  portion of each step,  ra ther  than 
near  o r  on the v e r t i c a l  portion; and 
permitt ing one or  more (up to  four) Korotkov sounds t o  occur on the 
horizontal  portion of each s t ep .  
checks are provided. 
p l e  t i on  of measurements. 

(3) adjustable delay between R-wave 

(4) adjustable pulse divider  system, 

Internal  ca l ibra t ion  and performance 
A 18DU#Pt8 command quickly empties the cuff upon corn- 
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The system was  i n i t i a l l y  constructed i n  "breadboard" s ty l e ,  and t h i s  
un i t  i s  i n  use. A second uni t  i s  being b u i l t  (Figures A-11-1 through 
A-11-4) f o r  permanent service. Circuit  and physical desc'riptlons and 
block diagrams follow. 
a subsequent report. 

Complete schematic drawings w i l l  be provided i n  

Description of sys tem 

The block diagram shown ib  Figure A-if-5 i l l u s t r a t e s  the pneumatic and 
electronic  portions of the incremental cuff def la tor .  The diagram fo r  
the t r iggering sub-system which provides the i n i t i a t i n g  pulses is  shown 
in  Figute A-11-6. The cuff ( l A ,  Figure A-11-5) and reservoir  (2A) are  
i n i t i a l l y  pressurized to a selected level ,  say 160- o r  200-mm Hg, by a 
pump (3A) (manual o r  e l ec t r i c ) .  System pressure i s  then decreased i n  
steps by opening and closing the solenoid valve (4A) under e lectronic  
control. Response of the control system is guided by the output of a 
pressure transducer (5A) tha t  continually monitors cuff pressure. 

A fas t -act ing solenoid valve (4A) has been provided. 
about 10 msec t o  open and 10 msec t o  close. Nevertheless, because the 
cuff volume is limited, the pressure drop occurring during one cycle 
(from valve closed t o  open and return) can be greater  than the desired 
incremental drop. To l i m i t  and control the pressure drop, a reservoir  
(2A) has been placed i n  pa ra l l e l  with the cuff. 
exhaU6t through the solenoid valve when the valve is  energized, and the 
combined volume of cuff and reservoir i s  suf f ic ien t  t o  prevent undue 
pressure drop as a r e s u l t  of solenoid response-time l imitat ions.  

The valve requires 

Both cuff and reservoir  

The main un i t  (Figure A-11-1) i s  19 x 5% x 10 in. and weighs about 14 lb., 
including power suppl ies .  
ca l ibra t ion  system (subsequently described) are  provided. The incremental 
pressure drop can be set t o  one of f ive  levels: 
increment. 
is open. The reservoir (not i l l u s t r a t ed )  is a piece of vinyl tubing t in. 
i n  diameter and 120in. long, and a 1000 m l  semi-rigid p l a s t i c  bot t le .  

Triggering controls and adjustments and a 

1, 2, 3, 4, o r  5 mm Hg/ 
A front  panel indicator lamp l i gh t s  when the solenoid valve 

The electronic  control system is designed t o  open the solenoid valve upon 
receipt  of a t r igger  and to close the valve when system pressure (cuff, 
reservoir,  and interconnecting tubing) has dropped by the desired pressure 
increment. Operation of the control system i s  as follows. 

Cuff pressure i s  measured by a transducer (5A) attached t o  the cuff. 
transducer develops a voltage proportional to  the cuff pressure, and 
transducer output var ies  l inear ly  over a 4-volt range f o r  a 200 mm Hg 
pressure change. 
This means tha t  a 2 mm Hg drop leads t o  an output var ia t ion  of 40 mv. An 
amplifier (6A) immediately following the transducer increases the voltage 
var ia t ion  fo r  a 200 mm Hg range from -f2v t o  i5v,  o r  a voltage change of 

The 

Its output i s  -2v for  0 mm Hg and +2v fo r  200 mm Hg. 
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I .  

100 mv fo r  a 2 nan Hg pressure change. 
c i r cu i t ry  is to  process a difference voltage whose current value is based 
on the transducer output for  the previous fixed pressure level of the 
cuff and the changing output voltage provided by the transducer as cuff 
pressure drops. 
and continually compared against a reference voltage whose value is  set 
a t  the voltage equivalent to a desired pressure-drop increment (e.g., 
1OX 100 mv or  1-volt fo r  a 2  mu^ Hg drop). When the difference voltage 
agrees with the reference voltage, the solenoid valve is  closed and 
system pressure then remains a t  a constant level  u n t i l  another cormnand 
f o r  an incremental pressure drop is  received, 

The objective of subsequent 

This changing (or difference) voltage i s  amplified 10 X 

Here, i n  more d e t a i l ,  is the sequence of operation, The output of the 
transducer amplifier (6A) enters a sample-and-hold c i r c u i t  (7A) and (8A) 
which samples the amplified transducer output voltage upon receipt  of a 
5-msec command t r igger  from a one-shot multivibrator (BA). This t r igger  
has been derived previously from the hear t  o r  manually by the user. A s  
sampling occurs, a pulse s e t s  the f l ip - f lop  (10A) and, through the valve 
dr iver  (llA), opens the valve ( 4 A ) ,  which in  turn releases  air from the 
cuff (1A) and i t s  p a r a l l e l  reservoir (2A). 

The sample-and-hold c i r c u i t  is composed of a p-channel switch (7A) and 
a high-impedance uni ty  gain (8A). 
voltage and the voltage appearing ahead of the switch i s  proportional t o  
the drop i n  pressure. This voltage difference is  amplified 1OX by the 
difference amplifier (12A). When the voltage output reaches the level  
of the reference source (13A), the comparator (14A) develops an output 
which t r iggers  the one-shot multivibrator (15A) which in  turn rese ts  the 
f l ip - f lop  (1OA) and, through the valve dr iver  (11A) response, deenergizes 
(closes) the solenoid valve. 
t h a t  is one increment below i t s  previous level ,  and i s  ready t o  receive 
another t r igger  pulse t o  repeat the above cycle. 

The difference between the sampled 

The system now s t ab i l i ze s  a t  a pressure 

Provisions a re  provided for  manual or  automatic i n i t i a t i o n  of each cuff 
de f l a t ion  cycle (where a cycle i s  the def la t ion of the cuff by one in- 
crement of pressure). The R-wave from the ECG is the normal i n i t i a t i n g  
source in the automatic operating mode. 
rece ip t  of the R-wave and actual tr iggering of the def la t ion cycle permits 
be t t e r  posit ioning of the Korotkov sounds on the horizontal  portion of 
the pressure steps.  A frequency divider per iodical ly  eliminates a selected 
number of R-waves so tha t  the cuff pressure may be kept a t  a fixed pressure 
f o r  several  hear t  (and Korotkov) cycles. 

An adjustable delay between 

The t r iggering subsystem is outlined in Figure A-11-6. The d-c component 
of the incoming ECG signal  may be retained or eliminated by a switch and 
capacitor (1B). The amplifier (2B) has a gain of 1, 2, 5, 10 o r  25X. An 
inver te r  (not shown) permits e i ther  a posi t ive o r  negative input from the 
ECG. Adjustment of the d-c level over a range of -1.8 to  45.0 v, and 
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without de te r iora t ion  of the a-c s igna l ,  i s  avai lable  ( 3 B ) .  A Schmitt 
t r igger  (4B) responds when i t s  input voltage reaches about -i-5 V. The 
Schmitt t r igger  output is delayed by a delay c i rcu i t  (5B). This delay 
(provided by a one-shot multivibrator) i s  adjustable over a period of 
80 msec t o  1 sec. A t r ans i s to r  i n  the delay c i r c u i t  responds only t o  
the t r a i l i n g  ddge of the one-shot's output pulse. 
shown) dr ives  the two divis ion f l ip-f lops.  
reduces by a desired fac tor  the number of pulses sen t  on t o  cycle the 
cuff de f l a to r  v i a  a one-shot multivibrator (8B). The end r e s u l t  i s  
tha t  the  user can have each R-wave pulse - o r  every second, th i rd ,  o r  
fourth R-wave pulse,  as he desires  - t r igger  the cuff def la tor .  In  
addition, the user can manually (by pushbutton) cycle the def la tor .  
These se lec t ions  are made by switch posit ioning (7B), 

A shaping s tage (not 
The frequency divider  (6B) 

Basic system performance and ca l ibra t ion  is checked by comparing the  
in t e rna l  incremental reference source against  a fixed in t e rna l  reference 
source representing a cuff pressure increment of 2 mm Hg, 
s i t i o n s  (Figure A-11-1) are as follows: 

Switch po- 

Switch - 
DUMP OPERATE CALIBRATE 

Posi t  ion 
CALIBRATE 

Hg DROP/STEP 2 

ADJ. 2mmHg/STEP centered 

Manual t r iggering causes the  fixed reference source t o  be sampled, 
opens t h e  solenoid valve, and l igh ts  t he  VALVE OPEN indicator.  If 
ro t a t ion  of the  ADJ. 2 mm Hg/STEP control  within the indicated l i m i t s  
of -10 and -:-E on the  panel f a i l s  t o  t r i p  the  comparator t o  c lose the  
valve,  trouble within the system is  indicated,  (Check 15-volt 2 551. 
power supplies as the f i r s t  s t e p  i n  troubleshooting.) Undesirable d-c 
d r i f t  of the  sample-and-hold c i r cu i t ry  can be recognized by (1) in- 
creasing the s e t t i n g  of the ADJ. 2 mm &/STEP control  t o  its maximum 
(or  t o  i t s  minimum i f  the comparator check resul ted i n  a control  
s e t t i n g  t o  the  l e f t  of center) ;  and (2) sampling the in te rna l  reference 
source by pressing the  MANUAL button and then measuring the  t i m e  re- 
quired f o r  t he  VALVE OPEN indicator l i g h t  t o  go dark, D r i f t  of the 
sample-and-hold c i r c u i t r y  is excessive i f  t he  l i g h t  goes out i n  less 
than 10 sec. 



Fig. A-11-1. Front panel of automatic cuff  def lator  un i t .  This is 
the permanent uni t  that will replace the or ig inal  "breadboard" uni t .  

Fig.  A-11-2. Back panel of new uni t .  

F i g .  A-11-3.  Top view of new uni t .  
been ins ta l l ed  and construction was incomplete when t h i s  
photograph was taken. 

Power supplies had not 



Fig.  A-11-4. Top view of c i r c u i t  board used i n  permanent u n i t .  
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